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J. Appl. Cryst. (1976 Single crystals of Bi-Sb alloys were etched in transverse magnetic fields ranging from 1000 to 4000 gauss. It has been shown from the study of the etch pattern on the oppositely matched cleavage faces and from successive etching that the dislocations move in the magnetic field• Considerable attention has been given recently to the alloys of bismuth-antimony because they not only show unusual thermoelectric and thermomagnetic effects at cryogenic temperatures but also possess semiconducting properties. The authors have not come across any reference in the literature to the effect of magnetic fields on dislocations in Bi-Sb crystals. Chebotkevich, Urusovskaya & Veter (1966) have reported the motion of dislocations in iron crystals due to repeated application of a magnetic field. The crystal was etched by a mixture of picric and nitric acids. Zagoruiko (1965) has reported the effect of electrostatic and pulsed magnetic fields on the motion of dislocations in sodium. chloride crystals. The present communication deals with the study of the effect of a magnetic field on the etched pattern of Bi-Sb crystals.
In the present work homogeneous single-crystals of Bi-Sb (Bi and Sb, 99-9999/0 purity each) containing 1 to 12 at.9/o of Sb were grown by the zone-melting method. The crystals were cleaved at 0°C by a sharp blade. The freshly-cleaved specimens were used in the present investigation. Out of all the dislocation etchants reported elsewhere (Yim & Dismukes, 1967; Bhatt & Pandya, 1973a, b) , we have selected the dislocation etchant reported by Bhatt & Pandya (1973a, b) . The etchant consisted of: 4 parts nitric acid (709/0 A.R. Quality), 7 parts tartaric acid (saturated solution), and 1 part water. Etching under the transverse magnetic field (ranging from 1000 to 4000 gauss) was carried out using a strong electromagnet fed by a d.c. current. Special care was taken in mounting the specimen so that the cleavage plane was perpendicular to the magnetic field during etching. The resulting etch pattern was observed under a Vicker's projec-• tion microscope and the results are reported here. (1) There is almost one-to-one correspondence in the number and position of etch pits on the matched cleavage faces.
(2) The triangular etch pits marked A and B ( procedure, this possibility is ruled out after the following careful study. The cleavage face of a crystal was pyramidally indented and then etched in the magnetic field. The etch pits near the indentation mark were carefully observed under the microscope and it was found that the movement of dislocations was prominent near the indented region. Fig. 2 shows pointbottomed and fiat-bottomed etch pits near the indentation mark. It can be seen that the point-bottomed etch pit fits well in the flat-bottomed etch pit suggesting dislocation etch-pit movement in the (112) direction, as indicated by an arrow on the photograph. JAC 9 -4 marked B. The arrow marks the direction of the dislocation motion. The other point-bottomed etch pits represent the positions of dislocations unmoved under the action of the magnetic field. The above observations indicate that some fresh dislocations move under the effect of a strong magnetic field. In the case discussed above, it seems that some dislocations have moved instantaneously with high velocity under the action of the magnetic field. The initial and final positions are therefore revealed by distinct fiat-and pointbottomed pits. It will be interesting to determine whether, if the dislocation moves slowly under the effect of a magnetic field during etching, it will produce an etch trace with a point-bottomed etch pit at one end revealing the termination of dislocation motion. Since the etchant used in the present case has an etch-polish effect, the etch traces are very distinct. (111), the trace appears to run in the [112] direction. It may be mentioned that in the present case the fresh dislocations show appreciable movement in the magnetic field. Such etch traces were reported by Bhatt & Pandya (1973a, b) with a modified etch technique. Using electrolytic etching techniques Bhatt, Pandya & Vyas (1974) have shown that the sites of unpinned dislocations are revealed by pyramidal etch-pits and they show appreciable movement during annealing. The results in the present case also show that the unpinned (fresh) dislocations move under the application of a magnetic field.
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For further confirmation that observed dislocation motion is entirely due to the magnetic field, the following etching experiments were carried out. A freshly-cleaved specimen was etched for few seconds without the application of magnetic field (Fig. 5a ). The same specimen was re-etched for few seconds under the strong magnetic field (Fig. 5b) . In Fig. 5(a) Comparing the photographs of etch patterns obtained with an without the magnetic field, it is observed that there is a change in pit clarity when etching is carried out in a magnetic field. The etch rate was determined with and without a magnetic field and was found to be higher for the crystals etched under the application of a magnetic field, showing that the magnetic field also affects the etch rate. The present authors are not certain whether there is a change in chemical activity at dislocation sites due to the interaction of the dislocation strain field and magnetostrictive effect. Similar results were also obtained when the crystals were etched in 20~ HNO3 (Yim & Dismukes, 1967 ) under a transverse magnetic field.
It may further be noted that when the etching experiments in the strong magnetic field were carried out for pure Bi and Sb single crystals, the dislocation motion was not observed. When the concentration of Sb in Bi was less than 12 at.% the motion of dislocations was extremely small and undetected by optical microscope. For BissSb~2 single crystals the dislocation motion could be detected in magnetic fields ranging from 1000 to 4000 gauss.
However, it may be concluded that the observed dislocation motion may be due to the interaction between the dislocation core energy and magnetic energy. The dislocation energy depends upon the nature of the surface surrounding dislocations. This may give rise to different energy interactions at different dislocation sites, resulting in the movement of dislocations at some sites.
The work on the theoretical model for the unpinning of dislocations is under progress and the results will be reported in due course.
